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What Exactly does a Random Walk Simulation Simulate?
Michael J. Saxton.
University of California, Davis, CA, USA.
One of themost common statements about randomwalks or Brownianmotion is
that they are statistically self-similar. Self-similarity is commonly depicted as
an individual trajectory at different magnifications or plots of square displace-
ment versus time at different magnifications. The first question is, what exactly
does self-similarity mean here? That the trajectory itself and certain functionals
of it are self-similar? That all functionals of it are self-similar? That all func-
tionals of a random walk are self-similar in the limit as the random walk ap-
proaches Brownian motion? This problem is a form of the standard question
of how a randomwalk (finite step length) approaches the limit of Brownian mo-
tion (infinitesimal step length). This problem is well understood mathematically
but for applications it is useful to understand how the approach to the Brownian
limit affects simulations. When does the histogram of a functional of a random
walk approximate the corresponding distribution for Brownian motion? Sec-
ond, what exactly does a random walk simulation yield? In the simulation the
step size is chosen from a Rayleigh distribution with mean-square radius
<r2> ¼ 2d D Dt, and the angle is random. This is exactly what the propagator
for Brownian motion yields for a time interval Dt. Thus the usual random walk
simulation is periodically sampled Brownian motion. Periodic sampling — in
engineering terminology, downsampling — is a form of low-pass filtering.
Likewise, an experimental single-particle tracking trajectory is to a first approx-
imation periodically sampled Brownian motion, but there are deviations. At
short distances, the dynamics is Newtonian, not Brownian, and at longer dis-
tances, complex behavior may occur, such as the Alder-Wainwright long-
time tails from hydrodynamics, and the collective motions found by Vattulainen
and collaborators. Supported in part by NIH grant GM038133.
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Two-Photon Imaging of the Interaction of mTORC1 Components using
Fluorescence Energy Transfer between Gfp-Expressing Proteins in a
Spheroid Tumor Cell Model
Christopher D. Stubbs, Kathrin M. Scherer, Anthony W. Parker,
Eleanor C. Weston, Stanley W. Botchway.
Rutherford Appleton Laboratory, Didcot, United Kingdom.
The interaction of key mTORC1 signalling components controlling cell growth
was investigated in living cells using fluorescence energy transfer (FRET) be-
tween GFP and DsRed tagged proteins in a spheroid cell model with HEK 293
cells. mTORC1 is responsible for controlling cell growth and the interaction of
its components is a target for controlling this process. The spheroid cell model
offers a number of advantages over traditional monolayer culture models, since
it is a more realistic model of cells in tumor form. The challenge is to be able to
image deep inside the spheroid to study and eventually manipulate cell signal-
ling to control the fate of a particular cell and its neighbouring cells. We have
been exploring this using fluorescence lifetime quenching of GFP-mTOR ex-
pressed in the cells by its adjacent DsRed-labelled Rheb and DsRed-raptor
proteins. It was found that standard transfection of HEK 293 cells could be
achieved simultaneously with the initiation of the formation of spheroids of
~400 mm diameter with both Rheb-mTOR/mTOR-raptor interactions observ-
able deep into the spheroid after 24-48 h. The combination of two-photon life-
time imaging and the spheroid model offers a powerful approach to the study of
signalling of cells deep within tumors and eventually the potential of their
manipulation.
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Correlations in Chromatin Movement in Diploid Yeast Revealed by Two-
Color Three-Dimensional Single-Particle Tracking using the Double-Helix
Point Spread Function (DH-PSF) Microscope
Mikael Backlund1, Ryan Joyner2, Karsten Weis2, W.E. Moerner1.
1Department of Chemistry, Stanford University, Stanford, CA, USA,
2Department of Molecular and Cell Biology, University of California,
Berkeley, Berkeley, CA, USA.
It is known that gene regulation in eukaryotes is intimately tied to the three-
dimensional (3D) organization of chromatin within the nucleus, and the exact
structure and dynamics of this organization is a current topic of intense inves-
tigation. In order to examine whether the activation of two alleles in a diploid
genome is coordinated we performed fast (10 Hz), 3D, simultaneous tracking of
the two alleles of the GAL locus in diploid budding yeast cells. We did so by
labeling one copy of the locus with LacO/LacI-GFP and the other with
TetO/TetR-mCherry and recording the resulting fluorescence images in parallelusing the DH-PSF microscope, which enabled precise sub-diffraction 3D local-
ization in each channel (<[sx,sy,sz]> ¼ [14,13,27] nm for GFP and
[25,29,46] nm for mCherry). The simultaneously recorded tracks were then
registered to within sub-diffraction distances. We then examined the statistics
of allele velocity cross-correlation and colocalization in both the transcription-
ally active (cells grown in galactose) and repressed (grown in dextrose) states.
As a control we labeled and tracked a single allele with both colors of fluores-
cent proteins integrated ~12-18 kb apart. The dual-allele cases showed signif-
icant subpopulations of positive correlations that were larger than the 90th
percentile value of the single-allele case (0.11), comprising 51% (26/51) in
dextrose and 40% (34/86) in galactose. The presence of positive correlations
indicates that gene copies are often closely associated in space and time, which
may be consistent, for instance, with intertwined polymers or a mutual associ-
ation with external protein machinery. Interestingly, we find both correlated
and uncorrelated examples which appear peripherally confined, as the GAL
genes are known to preferentially associate with the nuclear periphery upon
activation.
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Superresolution Imaging of Endocytic Structures in S. Cerevisiae
Markus Mund, Ulf Matti, Jonas Ries.
EMBL, Heidelberg, Germany.
Endocytosis is a highly intricate cellular process, which in yeast involves the
ordered recruitment and disassembly of around 60 proteins. Live-cell micro-
scopy has lead to tremendous insight into composition and dynamics of the en-
docytic machinery. Due to the diffraction limit however, the maximum
resolution of around 250 nm was much above the relevant endocytic size range.
Electron microscopy on the other hand offers nanometer resolution, but lacks
molecular specificity. As a result, structural features of most endocytic protein
assemblies are largely unknown.
We employ localization microscopy (PALM/STORM) to study endocytic
structures in S. cerevisiae. This method is ideal to study static structures, which
is why cells are typically fixated during sample preparation, leading to the loss
of temporal resolution. We address this issue by recording snapshots of all key
intermediate steps during endocytosis. For each fixated endocytic site, we can
pinpoint the progress along the endocytic timeline by correlating information
from marker proteins with a distinct temporal recruitment pattern.
Our current efforts focus on the intermediate and late coat assembly preceding
scission. Here, we were able to reveal subdiffraction features regarding shape
and structure of endocytic coat proteins that were previously inaccessible. By
visualizing many proteins pairs with dual-color superresolution microscopy,
we are pursuing to obtain a comprehensive structural picture of the endocytic
proteome.
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Utilising Super-Resolution Palm Imaging in Fission Yeast
Helen Armes1, Thomas Etheridge1, Alex Herbert1, David Lando2,
Steven F. Lee2, David Klenerman2, Anthony Carr1.
1University of Sussex, Brighton, United Kingdom, 2University of Cambridge,
Cambridge, United Kingdom.
Super-resolution techniques such as PALM and STORM are an exciting devel-
opment allowing researchers to break the diffraction limit imposed by the
diffraction of light. Our group works on understanding the systems of DNA
repair and replication restart using the model organism Schizosaccharomyces
pombe (fission yeast). A recent paper by Lando et al., utilised PALM super-
resolution imaging to count the number of a protein tagged with the photo-
activatable protein mEos2 in fission yeast. The potential to determine the
precise stoichiometry of protein complexes in vivo would be an important
breakthrough. To do this it is necessary to establish the ideal protocols for
super-resolution imaging in S. pombe, and what the limitations of this tech-
nique are. We present the results of work with Cdc22, a protein highly
expressed throughout the cell in fission yeast, known to form hexamers, with
a control mutant impaired in hexamer formation. The protein was labelled ge-
nomically with the photo-activatable protein mEos2 to allow it to be visualised.
We have established optimal excitation power and temporal regimes to visu-
alise Cdc22 in S. pombe, as well as protocols to significantly reduce intracel-
lular background fluorescence.
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Architecture and Dynamics of the Partition System of the F-Plasmid in
E.Coli
Antoine Le Gall.
Centre de Biochimie Structurale, Montpellier, France.
Proper DNA segregation ensures the faithful inheritance of genomic informa-
tion for all life forms, but the mechanisms of this fundamental process remain
poorly understood in bacteria. In order to separate chromosomes and plasmids,
